ABSTRACT
INTRODUCTION
Analysis of DNA sequence polymorphisms and of single nucleotide polymorphisms (SNPs) are powerful approaches in understanding the evolutionary forces underlying nucleotide variation and in mapping genes of disease. Currently, the detection of Darwinian positive selection (Sabeti et al., 2002; Olson, 2002) is receiving a lot of interest, since, for instance, knowledge of the specific gene or genomic region under selection can help pharmaceutical research in vaccine and drug development, or in vaccination strategies. This detection, nevertheless, is not easy since demographic processes could mimic its footprint. The distinctive signature of natural selection can nonetheless be detected by analysing the spatial distribution of polymorphisms across broad regions of the genome (Sabeti et al., 2002; Quesada et al., 2003) by using coalescent-based methods (Kingman, 1982; Hudson, 1990; Rosenberg and Nordborg, 2002) .
The sliding window (SW) method has been extensively used for exploratory DNA polymorphism data analysis (Rozas and Rozas, 1995) . Unfortunately, the SW approach has a number of limitations, such as the determination of the appropriate window size or the problem of multiple comparisons, that are critical in genomewide based analysis. Here, we describe the VariScan software which has been designed for the analysis of DNA sequence polymorphisms at the whole genome scale. Among other features, VariScan incorporates a wavelet transform (WT)-based analysis for capturing relevant information from DNA polymorphism data (Liò, 2003) . WT allows obtaining low and high frequency components from signals and therefore, it could be useful in capturing global and local features, such as conserved regions, peaks and valleys of nucleotide diversity, * To whom correspondence should be addressed. † Present address: Department Biology II-Evolutionary Biology, University of Munich, Munich, Germany linkage disequilibrium (LD) clusters from DNA polymorphism data. The software has, therefore, the appropriate data handling and analysis capabilities needed for genome-wide resequencing projects, which ultimately could lead to the detection of the imprint of natural selection.
SYSTEMS AND METHODS
VariScan software is written in ANSI C and has been tested on Linux, MacOSX and Win32 platforms. It has been optimized for the high speed processing of large DNA sequence data files (∼100 sequences of ∼100 Mb each). Indeed, the algorithms have been implemented for a running time of O(n), where n is the length of the DNA sequence. The input files are multiple aligned DNA sequence data in a number of formats as MAF, MGA, XMFA, PHYLIP or the HapMap genotype format. Although VariScan can conduct some analysis using unphased data (in general, genotypic data is phase-unknown), the gametic phase information is needed in some of the implemented methods (e.g. LD, Haplotype diversity); therefore, the gametic phase should be determined before using these methods in VariScan.
IMPLEMENTATION

Molecular population genetics parameters
VariScan implements a number of population genetics parameters including coalescent-based statistics (Rozas et al., 2003) . In particular, VariScan estimates (1) summary statistics of nucleotide and haplotype polymorphism levels, (2) linkage disequilibriumbased statistics and (3) several coalescent-based tests of neutrality. VariScan can estimate these parameters on a specific number of sequences, or considering different options of treating gaps and missing data. All of these analyses can be conducted using the sliding window (SW) method that, in turn, can be used to obtain a graphical representation of the results.
Wavelet transform-based analysis
VariScan can also conduct a signal decomposition analysis by means of WT methods. Unlike SW, WT-based results are nearly independent of the chosen window length and, therefore, are more suitable for the separate detection of features of variable lengths independently of their genomic background. The signal, which is the raw profile of the population genetic parameter estimated along the DNA sequence, is analysed by using LastWave v2.0 software (E. Bacry, http://www.cmap.polytechnique.fr/∼bacry/LastWave/). We chose Daubechies' D4 as the default wavelet filter (Daubechies, 1992) since it is adequate for locating features as peaks and valleys from a signal, A.J.Vilella et al. 500 000-34 500 000) with reduced levels of nucleotide diversity. This 1 Mb region includes a number of genes, such as the receptors for interferon alpha/beta/gamma and Interleukin-10, and it is enclosed within one of the target-regions selected in the ENCODE project for their biological interest (ENm005). The regions of low-variation (track A) fit well with the larger haploytpes (Perlegen haplotype track), obtained independently by Patil et al. (2001) .
with a minimum degree of smoothness (Liò and Vanucci, 2000) ; this filter, nevertheless, can be changed by the user. The signal is further decomposed to all analysing levels (MRA analysis; Mallat, 1999) using the orthogonal wavelet decomposition method; the orthogonal property of Daubechies wavelets allows the further reconstruction of the signal. The outcome, which is the reconstructed wavelet-transform profiles of the population genetic parameter along the sequence, can be used to identify genomic features at multiple resolution levels (i.e. at global and local scales); for instance, features located in diverse nucleotide diversity backgrounds.
Results visualization
VariScan permits the visualization of the results through available genomic browsers (Fig. 1) . For instance, VariScan can write the outcome on custom annotation track formats as the WIG format used in the Genome browser at UCSC (Kent et al., 2002) or the xyplot format in GBrowse (Stein et al., 2002) , conferring a visual representation of the wavelet-transform profile integrated with current annotation tracks for the genome of interest. As a result, it is possible to relate statistic profile results (of nucleotide diversity, LD, etc.) with present annotated genomic features (specific genes, intergenic regions, haplotype information, etc.) from available genome projects.
